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1

This invention relates to an apparatus for han-
dling and transporting liquids and more partic-
ularly, but not exclusively, to a novel apparatus
for feeding molten sodium-lead alloy from an
alloy melting or storage pot into a reactor pot for
reacting with ethyl chloride to form tetraethyl-
lead and for protecting the alloy against deterio-
ration during the feeding, such as by oxidation
in air.

Tetraethyllead is manufactured by the reaction
of a sodium-lead alloy with ethyl chloride. In
the commercial process employed at the present
time, the alloy is reacted in the form of a gran-
ular solid with ethyl chloride. Considerable ef-
fort has been expended in the development of a
process employing molten alloy, preferably car-
rying out the process on a continuous basis. The
feeding of such molten alloy in a continuous re-
action, normally operating under pressure and at
high temperature, has caused difficulty.

In practicing the improved process, the sodium-
lead alloy is melted and stored in an alloy pot
and is fed to a separate reactor containing liquid
ethyl chloride as required in the process. In con-
sequence, it is necessary to heat the feed pipe
from the alloy pot to the reactor to prevent cool-
ing of the alloy therein and, thus, to prevent
clogging or plugging of the feed line due to solid-
ification of the molten material.

Where the feed apparatus for the alloy per- 2

mits the alloy to drain from the conduit back
into the alloy pot or empty into the reactor pot,
upon interruption of feed, difficulty has been ex-~
perienced in the diffusion of ethyl chloride vapors
into the feed conduit.
the sodium-lead alloy within the conduit and
cause considerable difficulty in operation of the
process.

In the continuous process for forming tetra-
ethyllead, other problems are encountered in
feeding the sodium-lead alloy to the ethyl chlo-
ride into the reactor. It is necessary to meter
the sodium-lead alloy at a highly constant and
controlled rate into the reactor, and, thus, it is
essential that an accurate and positive means be
provided for controlling the flow of the alloy.
In addition, since the reaction is carried out
under pressure, it is necessary to provide an alloy
feeding apparatus which may operate to feed the
alloy into the pressurized reactor while exhibit-
ing the flexibility of control required for con-
tinuous plant operation.

Prior attempts have been made to heat the
transfer conduit by the passage of high amper-
age current for a length extending from the al-
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loy pot to the reactor pot. The entry end of the
feed conduit extends below the level of the
molten alloy in the alloy pot but this alloy level
is frequently somewhat below the section of con-
duit which is heated by the electrical current.
Further atiempts have been made to direct the
current through the alloy and thence through the
conduit without appreciable success.

Two problems have been prevalent in the effi-
cient and trouble-free operation of the above ap-
paratus. The first problem involves the solidi-
fication of alioy in the section of conduit extend-
ing within the ailoy pot. The level of the molten
alloy within the pot changes frequently due to
the removal of alloy during the feeding periods
and %o the occasional replenishing of additional
portions of alloy. In operation, considerable
amounts of impurities, consisting of metal oxides
and the like, commonly called dross, float on the
surface of the alloy and tend to cellect and ad-
here to the external surface of the conduit. Since
this conduilt is used as an electrical resistance to
heat the same, accumulation of such impurities
on the surfaces thereof increases the cross-sec-
tional area and, in consequence, lowers the re-
sistance of that portion of the conduit. Accord-
ingly, in this condition this section of the con-
duit is heated to a lesser extent than the re-
maining portion thereof and thus remains cooler
than the remaining portion of the conduit. Con-
siderable difficulty has been experienced due to
solidification of the molten alloy within this sec-
tion of the conduit.

Cold areas in the feed conduit have also been
a problem where the pive pagses through the wall
of the alloy pot and also where it passes through
the wall of the reactor pot. A nitrogen atmos-
phere must be maintained under bressure in each
of these receptacles and thus the conduit pass-
ing thevethrough must be tightly sealed there-
with. However, with such construction, the ef-
fective cross-sectional area of the conduit is in
consequence increased and, thus, the area of the
conduit adjacent the receptacle covers tend to
operate cooler than the remaining sections of the
conduit. As pointed out above, such cooler areas
have given considerable difficulty due to solidifi-
cation of molten alloy therein.

Considerable experimentation has heen di-
rected to means and ways of eliminating such
cold spets in the transfer conduit, For example,
separate cartridge heaters have been connected
to the feed conduit in the critical areas in an
attempt to increase the temperature thereof to
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alloy. In general, all such attempts have ended
in unsatisfactory results.

It is accordingly an object of this invention to
provide a liquid handling apparatus in which the
liquid feed can be maintained at a relatively uni-
form and high temperature and at the same time
can be protected against all deleterious oxidiz~-
ing or similar conditions.

Another object of this invention is to provide a
liguid handling apparatus for feeding molten
metal, such as a scdium-lead alloy, from a melt-
ing or storage pot to a reactor pot while main-
taining the entire system under a nitrogen at-
mosphere or similar inert gas and simultaneously
maintaining the alloy throughout the transfer
above the melting point of the metal.

Still another object is to provide a dip stick
for a molten metal handling apparatus of the
above type which is unaffected by the accumula-
tion of dross thereon from the molten metal sur-
face and thus which maintains a constant re-
sistance in the section of the dip stick located
within the molten metal storage pot.

Another object of the present invention is to
provide a sodium-lead handling apparatus for
feeding molten alloy to a reaction pot for reac-
tion with ethyl chloride, which apparatus will
eliminate the diffusion of ethyl chloride vapors
into the alloy feed conduit when the flow of alloy
through the conduit is interrupted or when a
portion of the alloy empties therefrom.

Other objects and advantages of the present
invention will become apparent as the description
proceeds, especially when considered in connec-
tion with the accompanying drawings, wherein
the figure is a front elevational view, partly in
section, of a ligquid handling apparatus embodying
the novel features of the present invention.

The liquid handling apparatus illustrated in
the drawing is especially designed for the purpose
of feeding a molten sodium-lead alloy to a reac-
tion pot for reaction with ethyl chloride to form
tetraethyllead. While the present invention is
highly useful for this purpose, it should be ap-
parent that the invention is not limited to this
use or to the exact arrangement of parts which
are particularly adapted for the illustrated pur-
pose.

In general, the liquid handling apparatus em-
bodying the features of the present invention for
transporting a liquid from one receptacle to a
second receptacle, comprises a conduit connecting
the receptacles through which the liquid is
adapted to be transferred and forming an elec-
trical resistance for heating thereof in response
to a current flow therethrough, the liquid inlet
end of the conduit extending below the liquid
level in the first receptacle. The apparatus also

" includes an electrical circuit for heating the con-
duit including, in series, the liquid in the first
receptacle and the entire length of the conduit.
The apparatus is suitable for feeding liquid into
a receptacle having an inert gas atmosphere
therein, the conduit connecting the systems or re-
ceptacles being connected or communicating with
an inert gas inlet line adjacent to but spaced
from. the outlet end thereof, the outlet end of the
conduit providing a common orifice for ejecting
the liquid into the second system and also for
supplying inert gas to the second system.

More particularly, the apparatus is used to feed
molten sodium-lead alloy from an alloy storage
or melt pot 28 to a reaction pot 30. As shown in
the figure, the apparatus includes a continuous
conduit 40 having its opposite ends positioned
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within the alloy pot and the reactor pot. The
lower end 50 thereof extends below the surface of
the molten alloy {0 within the alloy pot and its
opposite end normally terminates somewhat
above the level of the alloy-ethyl chloride reac-
tion mass {4 in the reactor pot 38. A nifrogen
inlet line 90 and 81 is provided for each receptacle
for maintaining the systems under a nitrogen at-
mosphere. Suitable electrical connectors 188 and
181 provide electrical current for the apparatus
from a suitable electrical source (not shown).

The source of electrical energy may be direct,
alternating or pulsating current. Thus, the di-
rection of current flow may be considered as flow-
ing in either direction. For means of illustra-
tion, current enters through the electrical lead
{88 which is secured to the cover 21 of the alloy
pot 28 by means of bolt 22. The alloy pot is
formed of electrical conducting material, such as
steel, and the current is condiicted therethrough
into the molten mass of sodium-lead alloy 0.
The current flows from the molten alloy through
the conduit 48 and thence back to the source of
electrical power through the electrical lead (81.

The conduit &8 is preferably a section of welded
steel pipe having a generally uniform wall thick-
ness. Normally, commercial pipe is suitable for
the purpose. The actual resistance per unit
length of the pipe is not critical since the voltage
of the electrical source may be adjusted to pro-
vide any desired heating effect in the pipe.

The inlet end 50 or dip stick of the conduit 40
disposed within the alloy pot is provided with a
protective sheath 81 for protecting the outer sur-
face of the conduit 40 from deposition of impuri-
ties, such as dross, from the molten alloy 18 and
also a gland 60 for securing the sheath to the
cover 21 of the alloy pot 20 and for forming a
pressure tight seal with the sheath.

The sheath 5{ is preferably formed of metal or
other rigid material and is in the form of an
elongated cylinder. As shown, the sheath 8§{ is
positioned concentric with the conduit 40 sur-
rounding the same and extends from the lower-
most end of the conduit externally of the alloy
storage pot. The lower end of the sheath is
secured to the conduit 40 and the annular space
52 is sealed thereat, preferably by welding an an-
nular ring 53 between the sheath and conduit.

The gland 80 comprises a sieeve 61 provided
with external threads 62 and is positioned sur-
rounding the upper end of the sheath 51. The
gland also includes a nut 64 threaded onto the
upper end of the sleeve, and a pressure ring 65
slidably mounted around the sheath and posi-
tioned within the nut 4. The sleeve 8! is pro-
vided with an annular recess §3 which forms with
the sheath 5i an annular cavity for retaining
powdered talc 67 or similar packing material. A
flange 88 is provided on the upper end of the pres-
sure ring 65 which engages the nut §4 and pro-
vides a bearing surface when the nut is threaded
onto the sleeve i to compress the powdered
talc 61.

In assembly, the sleeve is threaded into the
cover 21 of the alloy pot 28, and the adjacent
portion of the conduit is both thermally and
electrically insulated from the alloy pot cover.
Thermal and electrical insulating material, such
as glass fibers, may be employed to fill the an-
nular space 52 between the conduit and the
sheath. This construction prevents the forma-
tion of a cold spot in the conduit where it passes
out of the alloy pot through the cover 2f. In ad-
dition, the electrical current flow is compelled
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to flow through the entire length of the conduit to
uniformly heat the same above the melting tem-
perature of the alloy. In general, due to the
normally large mass of alloy within the pot, most
of the current will flow from the alloy pot 20,
through the alloy and thence through the con-
duit 40. If desired, the ring 53 may be formed
of an insulating material.

The end 10 of the conduit 40 which extends
into the reaction pot 36 is similarly provided with
a protective sheath T and a gland 80 for resealing
and retaining the nitrogen under pressure within
the reactor pot. As shown, in this construction,
the protective sheath is secured by welding to
the sleeve 85 and is threaded onto the lower end
of the conduit 40. Obviously, a welded ring con-
struction could also be used, if desired, such as
is employed with the dip stick 50.

The sheath Ti extends through the cover 3i of
the reactor pot 30 and is secured and sealed there-
with, such as by welding. Secured to the sheath,
externally of the reaction pot 30, is a nitrogen
inlet tube T3 through which nitrogen is ejected
into the annular void 72 between the sheath Ti
and the conduit 40. The electrical lead 101 is
secured to the inlet line 73 and thus the latter
forms a preheat tube for the inlet nitrogen dur-
ing operation of the apparatus.

The plurality of orifices 42 are provided in
the conduit 40 adjacent the lower end thereof
which communicate with the annular void T2
and provide an outlet for the pressurized nitro-
gen into the conduit 40. The outlet orifice 43
in the conduit 40 thus serves as a common orifice
for both the nitrogen and the molten alloy. In
addition, if the molten alloy recedes in the con-
duit for any reason, such as when the feed of
alloy is interrupted, inert nitrogen fills the tube
and also continues to flow out of the orifice 43
to prevent entry of ethyl chloride vapors from
the gaseous phase 15 into the conduit.

The gland 80 is generally similar to the gland
60 except that it is electrically insulated from
the conduit 40 by electrically insulating sections
81 and 82. As shown, the insulating section 81
extends between the conduit 48 and both the
nut 83 and the pressure ring 84. The insulating
section 82 extends between the conduit 40 and
the inner surface of the sleeve 85. Talc or other
suitable powdered electrical insulating material
81 is also provided within the recess 86 in the
sleeve 85 and is compressed in assembled posi-
tion to prevent leaking of nitrogen from the
system upon threading of the nut 83 onto the
sleeve 85 to exert pressure on the pressure ring
84.

The electrical power lead 181 is secured to the
nitrogen inlet line 72 by means of a contractible
ring 102 and a bolt 103.

The nitrogen inlet pipes 90 and 91 are con-
nected to any suitable source of pressurized nitro-
gen. One source may be common to both sys-
tems. The pipe 90 is connected to a pressure
regulator 92, which in turn connects to the T-
shaped pipe 93. The lower end of the latter
extends through the cover 21 of the alloy pot
20 and is sealed therewith, and the upper end is
connected to a solenoid vent valve 94, adapted,
when operated, to vent nitrogen to the atmos-
phere through the pipe 96. The nitrogen inlet
tube 13 is connected to the nitrogen inlet line
81 through a flow meter 88 and a pressure regu-
lator 99.

‘While any suitable means may be used to con-
trol the feed of alloy from the storage or melt
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pot to the reaction pot, such as a valve or pump,
it has been found preferable to control the feed
by varying the nitrogen pressure within the alloy
pot. In pressure, 80 pounds pressure is desired
in the reactor, depending somewhat upon the
temperature therein. In general, the pressure
differential to effect the desired feed of alloy
through the conduit is about 40 pounds. It should
be apparent however that this pressure differential
is largely dependent upon specific equipment and
process details, such as conduit dimensions and
mass feeding rates. When it is desired to inter-
rupt the flow of alloy, the solenoid vent valve 84
and pressure regulator 92 are operated to reduce
the pressure within the alloy pot 20 to approxi-
mately the pressure of the reactor 30.

As is believed apparent from the foregoing, the
present invention provides a liquid handling
apparatus for transporting a hot liquid, such as
molten sodium-lead alloy, from one receptacle to
another receptacle without danger or difficulty
of solidification of the liquid within the trans-
fer conduit. The conduit is heated uniformly
throughout the entire length of the conduit, from
the end 50 positioned below the liquid level to its

-discharge end 70, thus eliminating cold spots

pbreviously encountered, particularly in the con-
duit sections within the alloy pot and within the
reaction pot due to deposition of dross and reac-
tion products, respectively, and in the areas
where the conduit passes through the covers of
the pots.

The nitrogen and sodium-lead alloy are dis-
charged into the reactor through a common ori-
fice. The ethyl chloride vapors, normally pres-
ent in the reactor, are prevented from entering
the conduit by a stream of nitrogen and, thus,
any voids occurring within the conduit will be
immediately filled by inert nitrogen. Thus, no
difficulty is experienced in the operation of this
apparatus due to the undesired reaction of alloy
and ethyl chloride in the conduit.

It will be noted that the area of the conduit
adjacent to the nitrogen ejection orifices is
somewhat reduced, thus effectively increasing the
electrical resistance in this area. Since, in gen-
eral, this end is subjected to somewhat greater
cooling effects, due to the discharge of the alloy
into the nitrogen atmosphere of the reactor, it
is highly advantageous to have increased heating
at this point.

Another very desirable feature of the present
invention is the provision of a preheat zone for
the nitrogen entering the reactor pot and before
it contacts the conduit carrying molten alloy.
By the disclosed construction, the nitrogen is
preheated to any desired extent by the same
heating means used to heat the transfer conduit.
Such a construction simplifies the apparatus and
eliminates the need for special and costly heaters
for this purpose.

I claim:

1. A liquid handling apparatus for transport-
ing a hot liquid from one receptacle to a second
receptacle having therein an atmosphere con-
taining an inert gas, comprising a conduit con-
necting said receptacles and forming an electrical
resistance for heating thereof in response to a
flow of current therethrough; a protective sheath
for each end of the conduit concentric with and
surrounding the side portions thereof extending
into said receptacle, said sheaths brotecting the
outer surfaces of said conduit from deposition
thereon of substances which tend to cause cold
spots in the conduit, said protective sheath with-
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in said-second receptacle forming within said
conduit a closed annular void and electrically
connected to said conduit adjacent the end there-
of: an inert gas tube communicating with said
annular void for supplying inert gas to said sec-
ond receptacle and for preheating said gas prior
to entry into said void; an orifice in said conduit
adjacent the outlet end thereof communicating
with said annular void; an electrical circuit in-
cluding, in series, the liquid in said first recep-
tacle, the entire length of said conduit, said
sheath positioned in said second receptacle and
said inert gas tube; and means to pass an electric
current through said electrical circuit.

2.. A liquid handling apparatus for transport-
ing a hot liquid from one receptacle to a second
receptacle having therein an atmosphere con-
taining an inert gas, comprising a conduit con-
necting said receptacles and forming an electrical
resistance for heating thereof in response to. a
flow of eurrent therethrough; a protective sheath
for each end of said conduit concentric with and
surrounding the side wall portions thereof ex-
tending into said receptacles, said sheaths pro-
tecting the outer surfaces of the conduit from
deposition thereon of substances which tend to

8

" cause cold spots in the conduit, said protective

10

15

20

sheath positioned within said second receptacle,
forming with said conduit a closed annular void
and electrically connected to said conduit and .
adjacent the end thereof; an inert gas line tube
communiecating with said annular void for sup-
plying inert gas to said second receptacle; an
orifice in said conduit communicating with said
annular void; an electrical circuit. including said
conduit; and means to pass an electrical current
through said electrical eircuit.
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